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A. Gradient Strain Chip Fabrication:
The top part of the gradient strain chip was a PDMS de-molded from a PMMA mold (Figure S-1), and the bottom part was a TMSPMA-coated slide (25 mm (W) x 37.5 mm (L) x 1 mm (H)).
After punching holes on the molded PDMS and oxygen plasma treatment, the top and bottom parts were bond together to form a fluidic chip. To operate convex PDMS deformation and supply sufficient medium for cell culture, two PDMS reservoirs were also bond onto the inlet and outlet of the fluidic chip. 
C. Gradient Strain Chip Calculation:
The PDMS deformation curve was calculated by assuming the curve fitted a circle with a phantom radius (r) from the phantom origin ( Figure S-4) . To obtain the phantom radius (r), the first equation (r 2 = 6 2 + (r−H 0 ) 2 ) was based on Pythagorean theorem. Therefore, r = (36 + H 0 2 )/(2H 0 ).
Moreover, the second equation (x 2 + y 2 = r 2 ) was based on the phantom circle, so y = (r 2 −x 2 )^(1/2).
To calculate the injection volume (V) for the buckle PDMS, the volume was calculated by the
, so the correlation between the injection volume (V) and the maximum height (H 0 ) was V= π ((rH Poisson's ratio of hydrogel usually can be assumed as 0.5, 1-2 which means the hydrogel is an incompressible material deformed elastically at small strains. In our pattern design, there was no space for the hydrogel elongation along circular direction when circular hydrogels were applied force for compressed strain. Therefore, the Poisson ratio in the radial direction (the ratio of the elongation deformation to the compressed strain) could be larger than 0.5, but smaller than 1. It also means 50% elongation represents the compressed strain is ≥ 50%. 
(2) Cell Images under Uniform Compressed Strain
For the concentric hydrogel patterns, the spacer and the line width decided the maximum hydrogel elongation. Although four of our pattern sizes had the same duty cycle, the conditions of hydrogel elongation of four hydrogel sizes were different while considering the swelling ratio of hydrogels. In addition, the ratio of cell size to hydrogel width would also affect the cell alignment angle. 3 Therefore, we tested those four sizes of hydrogels under strain-free and uniform strain (with 
S9 (3) Histogram of Cell Nuclei Angle and Alignment Ratio under Uniform Compressed Strain
For the cell alignment, all the nuclear angles needed to be normalized and converted to the new coordinate system: 0° or 180° was the circular alignment, and 90° was the radial alignment. µm, were also compared to study the size effect for the cell alignment. In results of cell viability ( Figure S-10 (a) ), there was no significant difference only at day 0. Starting from day 1, strain samples showed 5-10% smaller cell viability. However, the overall cell viability in all conditions was higher than 80%. Although ≥ 50% static compressed strain on hydrogels caused more cell death for longer than 1-day incubation, the overall cell viability was still larger than 80% for cell study.
Therefore, there is no viability concern when applying such high strain stimulation, about 50% compressed strain on hydrogels.
In previous studies, it has been reported that cells tend to align along the long-axis in 3D
encapsulated hydrogels with the line-width (short-axis) of 50 µm, 100 µm, and 200 µm. 3 Furthermore, cells encapsulated in the finest line-width of 50 µm showed the most efficient alignment result, second in 100 µm, and the last in 200 µm. 3 In our circular hydrogel design, the hydrogel elongation direction (radial direction) is perpendicular to the circular direction. Therefore, the hydrogel elongation, originated from the compressed strain, not only simply stimulates cells to align along radial direction, but also needs to complete with the effect of long-axis alignment.
In this supporting data, in addition to the line-width of 50 µm, 100 µm, and 200 µm, we also chose 300 µm as the short-axis of concentric circular hydrogels. For the cell alignment ( Figure   S -10(b)), cell alignment ratio gradually decreased in all the strain and strain-free samples from day 0 to day 5, which represents that cells trend to spread along the long-axis direction along time. This trend is in agreement with the previous finding. 3 Another possibility of the reducing alignment ratio along time was the hydrogel degradation, so the elongation force on the hydrogels of the strain sample decreased along time. Four hydrogel patterns were in 50% duty cycle, so the maximum elongation was supposed to be 50%. However, the hydrogel usually swells after crosslinking and immersed in DPBS or culture medium. Therefore, the final elongation percentage of those concentric circular hydrogels was smaller than 50% after the deduction of native hydrogel swelling. The larger spacer size resulted in larger elongation percentage (E l ) after considering of hydrogel swelling, as shown in Table S (#) represents the strain-free data in 100, 200, or 300 µm has significant difference (p < 0.05) from the strain-free data in 50 µm at respective day. (*), (**), and (***) indicate significant difference, p < 0.05, 0.01, and 0.001, respectively.
(2) Viable Cell Density & Circularity
To understand the cell proliferation under strain condition, we calculated the viable cell density from day 0 to day 5 at different pattern sizes ( Figure S-11 (a) ). At day 0 to day 3, the difference between strain and strain-free samples was not significant, but the cell density in strain sample was significantly decreased at day 5. In other words, cells under 5-day strain stimulation became unhealthy, so the viable cell density dropped compared to cells in strain-free samples. For the investigation of cell spreading, the cell shape roundness was calculated following roundness =4×π×area/perimeter 2 and analyzed by the imageJ. The value of roundness was assumed between 1 (circular shape) and 0 (elongated, linear morphology), and the circularity is the median value of the roundness of each sample ( Figure S-11 (b) ). All the circularity in strain samples was higher than those in strain-free sample. This result is fulfilled with literature that cells under strain would result in higher circularity, less cell spreading. 
